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Basins, and the Edwards aquifer where it underlies the upper parts of the three river basins. The biology of the study-unit streams is determined mostly by the characteristics of the ecoregions they transect-the Edwards Plateau, Texas Blackland Prairies, East Central Texas Plains, Western Gulf Coastal Plain, and Southern Texas Plains.
About 20 percent of the previous fish and invertebrate studies and about 75 percent of the aquatic plant surveys have centered on Comal Springs in Comal County and San Marcos Springs in Hays County. Although several important studies are available for the San Antonio region, documentation of aquatic biology for the remainder of the study unit is relatively sparse. The streams in the study unit, particularly in the Edwards Plateau, support three dominant biological groups-fish, aquatic invertebrates, and plants. Potential threats to these organisms include impoundments and flood-control projects, siltation from erosion, ground-water pumping, recreational activities, wastewater discharge, and introduction of nonnative species. More than 30 non-native fish, invertebrate, and plant species have been introduced into the region. Of the 19 aquatic species Federally listed as endangered or threatened in Texas, 8 are associated with springs and spring runs in the study unit. All of the endangered species in the study unit are associated with springs and spring runs.
A large number of endemic species in the study unit are associated with subterranean aquatic ecosystems, most likely a consequence of the unique proximity of the varied topographic and hydrologic conditions of the area and of the geological development of the Edwards aquifer. Ninety-one endemics, including 44 species found solely underground, are associated with the aquatic ecosystems (including springs) of the Edwards aquifer.
INTRODUCTION
The U.S. Geological Survey (USGS) National Water-Quality Assessment (NAWQA) Program began in 1991 to assess many of the Nation's major river basins and aquifers. The Program is designed to produce technically sound descriptions regarding the status of and the trends in the resource quality of these aquatic systems. NAWQA also is designed to increase the understanding of the natural and human factors that affect these water resources and to link this understanding with the observed status and trends. The nationally consistent, integrated assessment of chemical, physical, and biological resources will provide water managers and policy makers with information for directing waterquality management programs and for evaluating the effectiveness of these programs. Gilliom and others (1995) present a complete description of the NAWQA objectives and design.
The building blocks of the NAWQA Program are study-unit investigations. The study units selected encompass one or more major river basins and aquifers. When fully implemented, there will be more than 50 study units distributed across the Nation. Combined, they encompass about one-half of the conterminous United States and 60 to 70 percent of the population and national water use. One-third of the study units are intensively studied for 3 years on a rotational basis with each of the other two groups of study units, resulting in each study unit being revisited for intensive study on 9-year cycles. The NAWQA study unit addressed in this report is the South-Central Texas (SCTX) study unit ( fig. 1 ), which includes the Guadalupe, San Antonio, and Nueces River Basins; two minor coastal basins; and the Trinity, Edwards, Carrizo-Wilcox, and Gulf Coast aquifers where they underlie the three river basins.
In addition to intensive field investigations, retrospective reports of existing environmental data are prepared at study-unit and national levels to improve the understanding of historical and present conditions of the water resources and to help interpret results from the intensive field investigations. Retrospective synthesis of existing stream and aquifer biological data for the SCTX study unit is addressed in this report.
Uses of Aquatic Biological Data
Biological monitoring is widely used to assess water resources, both as an integrative assessment tool and as the only direct method to determine instream attainment of State water-quality standards for aquatic life use. These standards are assigned to most U.S. surface waters. To determine instream attainment of these standards, some states have incorporated biological criteria into State water-quality criteria and regulations (Davis and others, 1996) . These criteria are either narrative descriptions, such as lists of fish species, or numerical expressions (metrics) of aquatic life variables, including diversity indices and pollution tolerance values (U.S. Environmental Protection Agency, 1996) .
Biological monitoring serves as an integrative assessment tool in two ways: (1) The type and condition of organisms reflect the overall health of the aquatic resources (Karr, 1995) , and (2) the relatively stationary nature of many aquatic organisms signifies their ability to integrate environmental conditions over time, thereby reducing frequency of sampling needed to detect changes (Hynes, 1960) .
Combining biological monitoring with physical and chemical data can be used to develop a comprehensive and efficient approach to water-quality surveillance (Hornig, 1984) . Initial surveys of one or more components of the resident biota (typically fish, invertebrates, or plants) provide evaluations of the overall quality of the water resources. When results from these initial surveys indicate biological impairment, follow-up analyses (chemical, habitat, or more intensive biological studies) are done to determine the extent and probable causes. Biological monitoring also can be used to measure the success of restoration and the subsequent attainment of water-quality standards.
Reference-site or paired-site monitoring helps factor out annual area-wide variations in the biota, improving the ability to distinguish localized (typically human-caused) effects from regional (typically climatic) effects. Reference sites are the least impaired sites in a specific geographic region and serve as "benchmarks" for evaluating the stream quality at other sites. State water-quality agencies use biological data at reference sites to develop the biological criteria used to determine attainment of water-quality standards for aquatic life use (Hornig and others, 1995) .
The USGS recognizes the critical role of biological and habitat data for comprehensive assessment of aquatic environments by water-resource managers. When complemented with chemical constituent data and land use information, biological and habitat data can be useful for identifying the natural and human factors affecting current conditions and the trends in aquatic-resource quality (Cuffney and others, 1997) .
Purpose and Scope
This retrospective report summarizes information on aquatic biology of the streams and rivers in the Guadalupe, San Antonio, and Nueces River Basins and the San Antonio-Nueces and Nueces-Rio Grande Coastal Basins, and of the Edwards aquifer where it underlies the three river basins. (Aquatic biological information on the Trinity, Carrizo-Wilcox, and Gulf Coast aquifers is not included.) The report contains lists and distributions of fish and aquatic invertebrates, and lists of aquatic plants, aquifer organisms, non-native aquatic species, and endangered aquatic species. The report identifies sources of information on the biology of the streams and rivers and of the aquifer. Maps are provided to identify studies in specific areas. The report summarizes major publications, serving as a "one-stop" resource for historical aquatic biological data (prior to 1998) for this region.
Sources of Biological Data
Primarily Federal, State, and academic organizations have collected biological data from river basins in the SCTX study unit. The studies and reports of the Cr. 
Cre ek
Sa lado
Cr. 
SOUTH-CENTRAL TEXAS STUDY UNIT
The SCTX study unit is located in south-central Texas, encompassing the Guadalupe, San Antonio, and Nueces River Basins, two minor coastal basins, and the Trinity, Edwards, Carrizo-Wilcox, and Gulf Coast aquifers where they underlie the three river basins ( fig. 1 ). This region of Texas contains a diversity of both surface-water and aquifer habitats. In addition to lakes and streams of various sizes and geomorphic types, the Edwards aquifer and associated springs provide habitat to a variety of unique aquatic species.
Surface-Water Basins and Ecoregions
The SCTX study unit, with a drainage area of about 30,000 square miles (mi 2 ), encompasses parts of five ecoregions ( fig. 1 ). The ecoregions, as described by Omernik (1987) , are the Edwards Plateau, Texas Blackland Prairies, East Central Texas Plains, Western Gulf Coastal Plain, and Southern Texas Plains. The study unit has a wide variety of climatic, geologic, topographic, and hydrologic conditions. The proximity of ecoregions with different characteristics ( fig. 1 ) makes the study unit a "convergent zone" of soil, climatic, topographic, and biotic features. Detailed descriptions of the flora, fauna, and land use are in Blair (1950) and Gould (1975) .
The biology of the study-unit streams is determined mostly by the characteristics of the ecoregions they transect. Aquatic life is similar in the upper reaches of each of the three major river basins, as these reaches are within the Edwards Plateau ecoregion. The mostly spring-fed streams in this ecoregion have stable bottom substrates, well-vegetated streambanks, and cool, clear water year round. Invertebrate taxa richness and other measures of aquatic life health used by the TNRCC are consistently greater in central Texas than other regions of the State (Hornig and others, 1995) . Invertebrate samples collected from the streams in this area have included more than 50 taxa from 3 square feet (ft 2 ) of stream bottom (Bayer and others, 1992) .
The habitat and accompanying biota of the streams in the study-unit basins change substantially in the downstream reaches. The SCTX study unit extends into the Southern Texas Plains (to the southwest), the East Central Texas Plains and Western Gulf Coastal Plain (to the southeast), and the Texas Blackland Prairies (to the east). The streams in these ecoregions are characterized by warm, turbid water; dominated by soft-bottom runs and pools (with only occasional riffles); and bordered by highly erodible streambanks (Bayer and others, 1992) . Warm-water, stress-tolerant species predominate in the streams of these ecoregions.
Guadalupe River Basin
The Guadalupe River originates in Kerr County at about 1,800 feet (ft) above mean sea level and joins the San Antonio River 11 miles (mi) upstream from Guadalupe Bay (part of San Antonio Bay) ( fig. 1 ). The river is about 410 mi long with a drainage area of about 6,000 mi 2 . The 30-year (1961-91) normal precipitation in the basin ranges from about 30 inches (in.) near the headwaters to about 40 in. near the coast (Dallas Morning News, Inc., 1997, p. 113-118) . Annual mean discharge of the Guadalupe River into Guadalupe Bay is 1,867 cubic feet per second (ft 3 /s) (on the basis of 1935-97 water-year records at USGS streamflowgaging station 08176500 Guadalupe River at Victoria (Gandara and others, 1998) ). Canyon Dam, forming Canyon Lake ( fig. 1 ), was completed in 1964 for flood control, water storage, hydroelectric power generation, and recreational uses. With the closing of the dam, the Guadalupe River became a regulated river over much of its length, rarely subject to the wide range of natural flows that are typical of this region. Daily mean discharge from Canyon Dam ranges from 0.80 to 5,680 ft 3 /s, and annual mean discharge is 457 ft 3 /s (on the basis of 1963-97 water-year records, the period of regulated streamflow, at USGS streamflow-gaging station 08167800 Guadalupe River at Sattler (Gandara and others, 1998) (Gandara and others, 1995) ). During periods of little or no precipitation, which result in low streamflows in other streams in the basin, the San Marcos River is the major contributor of streamflow in the Guadalupe River.
San Antonio River Basin
The San Antonio River ( fig. 1 ) originates in metropolitan San Antonio (1996 estimated population 1.1 million (Dallas Morning News, Inc., 1997)) at about 690 ft above mean sea level. The river flows southeasterly for about 240 mi from the headwaters to its confluence with the Guadalupe River north of Guadalupe Bay, and has a drainage area of about 4,300 mi 2 . The 30-year normal precipitation in the basin is similar to that in the Guadalupe River Basin. The annual mean discharge of the San Antonio River to the Guadalupe River near Guadalupe Bay is about 723 ft 3 /s (on the basis of 1924-97 water-year records at USGS streamflow-gaging station 08188500 San Antonio River at Goliad (Gandara and other, 1998) ). Stream quality of the San Antonio River is affected a short distance downstream of the headwaters by numerous municipal and industrial wastewater discharges and by urban runoff. During low-flow conditions, flow is predominantly treated wastewater. The Medina River ( fig. 1 ) is a major tributary of the San Antonio River. Annual mean discharge of the Medina River is 206 ft 3 /s (on the basis of 1939-97 water-year records at USGS streamflow-gaging station 08181500 Medina River at San Antonio (Gandara and others, 1998) ). Salado, Leon, and Cibolo Creeks ( fig. 1 ) are minor tributaries that contribute little to the base flow of the San Antonio River. Cibolo Creek begins as a spring-fed creek in the Edwards Plateau, contributing recharge to the Edwards aquifer as it flows across the aquifer recharge zone.
Nueces River Basin
The Nueces River Basin ( fig. 1 ) is the largest of the three major basins in the study unit. The Nueces River originates in Edwards County at about 1,600 ft above mean sea level and flows about 440 mi from the headwaters to its mouth at Nueces Bay. The 30-year normal precipitation in the basin ranges from 21 in. in the upper basin to 35 in. near the coast (Dallas Morning News, Inc., 1997, p. 113-118) . Although the Nueces River has a large drainage area (about 17,000 mi 2 ), it has the smallest annual mean discharge of the three major rivers in the study unit-135 ft 3 /s (on the basis of 1939-97 water-year records at USGS streamflow-gaging station 80192000 Nueces River below Uvalde (Gandara and others, 1998) ). The Nueces River and its upstream tributaries, including the Frio and Sabinal Rivers and Seco and Hondo Creeks, originate from seeps and springs in the Edwards Plateau. As the streams cross the Balcones fault zone to the south ( fig. 1 ), a substantial amount of flow from these streams enters the Edwards aquifer. The Nueces River is the only stream in the basin that regularly maintains some flow beyond the recharge zone. Mostly erratic rainfall provides much of the streamflow for the Nueces River and its tributaries south of the Balcones fault zone, with periods of no flow in the lower reaches of the Nueces River.
Minor Coastal Basins
Two minor basins in the SCTX study unit drain coastal areas directly into the Gulf of Mexico. Streamflows in these basins are primarily dependent on precipitation. The San Antonio-Nueces Coastal Basin has a drainage area of about 2,600 mi 2 , and the Nueces-Rio Grande Coastal Basin has a drainage area of about 280 mi 2 . The 30-year (1961-90) normal precipitation in the coastal basins ranges from about 30 to 40 in. (Dallas Morning News, Inc., 1997, p. 113-118) .
Edwards Plateau Ecoregion
The Edwards Plateau ecoregion, encompassing about 6,500 mi 2 (25 percent of the study unit), also is known locally as the Edwards Plateau or Texas Hill Country. The topography is hilly with elevations from 800 ft to more than 1,800 ft above mean sea level and is commonly incised by streams. The Edwards Plateau receives 16 to 33 in. of precipitation annually, increasing from west to east (Gould, 1975) . Soils are mostly shallow, underlain by limestone or caliche. Typical land use is grazed open woodland, grazed forest, and woodland; some subhumid grassland; and semiarid grazing (Anderson, 1970) .
Texas Blackland Prairies Ecoregion
The Texas Blackland Prairies ecoregion encompasses about 2,700 mi 2 (8.7 percent of the study unit). The topography of the region is gently rolling to relatively flat, with elevations from 300 to 800 ft above mean sea level. The region is well dissected by streams, which allow for rapid drainage. Soils associated with this region are fairly uniform, dark-colored calcareous clays interspersed with some gray, acid sandy loams. Annual precipitation varies from 30 in. for the western part to more than 40 in. for the eastern part (Gould, 1975) . Land use is primarily cultivated cropland (Anderson, 1970) .
East Central Texas Plains Ecoregion
The East Central Texas Plains ecoregion encompasses about 5,500 mi 2 (18 percent of the study unit). The region consists of rolling to hilly landscapes with elevations from about 300 to 800 ft above mean sea level. Annual precipitation varies from 35 to 45 in. (Gould, 1975) . Soils range from acid sandy loams or sands to clays. Land use is typically woodland with some cropland and pasture (Anderson, 1970) .
Western Gulf Coastal Plain Ecoregion
The Western Gulf Coastal Plain ecoregion encompasses about 3,400 mi 2 (11 percent of the study unit). This poorly drained plain is less than 150 ft above mean sea level and is dissected by streams flowing into the Gulf of Mexico. Annual precipitation varies from about 20 in. for western areas to about 50 in. for eastern areas (Gould, 1975) . Soils are acid sands, sandy loams, and clays. Cropland and cropland with grazing are the dominant land uses (Anderson, 1970) .
Southern Texas Plains Ecoregion
Encompassing about 12,000 mi 2 (35 percent of the study unit), the Southern Texas Plains is the largest ecoregion in the study unit. The topography is level to rolling hills with elevations from about 0 to 1,000 ft above mean sea level. Annual precipitation varies from 16 in. for the western part to 35 in. for the eastern part (Gould, 1975) . Soils range from clays to clay loams. Predominant land use is grazed open woodland, subhumid grassland, and semiarid grazing land (Anderson, 1970) .
Edwards Aquifer Habitats
The western part of the Edwards aquifer, known as the San Antonio region, extends from Hays County to Kinney County within the SCTX study unit. The deposition of the material that became the carbonate rocks of the Edwards aquifer began almost 100 million years ago in a shallow sea. Repeated submergence and exposure of the carbonate rocks allowed early formation of cavernous porosity. Hundreds of feet of sediments were deposited over this early aquifer, and as the North American continent was slowly uplifted, the Cretaceous seas began to recede, allowing streams to cut into the sediments and expose the underlying Edwards aquifer. A period of extensive faulting during the Miocene (12 to 17 million years ago) resulted in the formation of the Balcones fault zone. With the changes imposed by the new faults, new ground-water movement was manifested in some areas as recharge points and in other areas as resurgence points or springs (Longley, 1986) .
The high permeability of the Edwards aquifer results from the freshwater diagenesis of faulted and fractured carbonate rocks. After the rocks were broken and displaced during the Balcones faulting, large quantities of freshwater infiltrated strata that previously had been isolated from the surface (Kastning, 1983) . Subsequent faulting processes were initiated that eventually provided an extremely transmissive (fastmoving) ground-water-flow system (Abbott, 1975) . The present-day aquifer is riddled with joint cavities and solution channels (caverns) that have evolved through erosional unloading and dissolution. The outcrop area has a porous, honeycombed, or Swiss cheese appearance because of the preferential leaching of soluble materials (Barker and Ardis, 1996) .
Many wells penetrate caverns in the area around San Antonio (Livingston, 1947; Petitt and George, 1956) . It is estimated that in 1975, wells and springs in Bexar County discharged 259.0 thousand acre-feet (acre-ft) of water from the Edwards aquifer, with about 15 percent of this discharge from springs (Rappmund, 1976, p. 5) . In reviewing publications on the hydrology of the Bexar County area, Petitt and George (1956) noted that the well logs of a large percentage of the wells in the San Antonio area included some cavernous areas. These areas could provide sufficient space for propagation of aquatic organisms.
The USGS and various Texas water agencies have conducted analyses on the chemical quality of the Edwards aquifer in the San Antonio region (Garza, 1962; Pearson and Rettman, 1976; Reeves, 1976; Reeves and others, 1972) . In general these publications provide information on the geochemistry of the area.
Other publications give insight into how the water movement occurs within the Edwards aquifer in the San Antonio region (Abbott, 1977; Maclay and Small, 1976; Pearson and Rettman, 1976; Pearson and others, 1975; Puente, 1976) . In general, the movement in the aquifer is from the west to the east or northeast. Numerous publications discuss the hydrology of the aquifer specifically and include water levels, recharge, discharge, amounts of precipitation, and other hydrologic properties (Follett, 1956; Garza, 1966; Lang, 1954; Maclay and Rettman, 1973; Puente, 1974; Rappmund, 1975 Rappmund, , 1977 Rettman, 1969; Sieh, 1975) . Hydrologic models have been developed for predictive purposes on the basis of increased population and subsequent increased water use. These models indicate that without additional recharge, the average water level in the aquifer will continue to drop in the future (Wanakule, 1988) . Other than a reduction in springflow, it is not clear how water-level declines would affect the availability of habitats for spring and aquifer organisms in the region.
STREAM BIOLOGY
The three most dominant biological groups that typically form stream communities are fish, aquatic invertebrates (chiefly arthropods, molluscs, and segmented worms), and attached algae (the primary producers). The fish and invertebrates include species specialized as primary consumers (of the algae), as detritivores (shredders of terrestrial debris entering the stream or filterers and gatherers of fine organic particles), and as predators. Other species are omnivorousopportunistic consumers of several food sources. Aquatic species also have specific habitat requirements; a stream community will be determined largely by the available habitat (stony riffle, sandy run, or softbottom pool). The condition of the habitat (including embeddedness of stones, amount of cover from instream structures and streambank features, and contaminants in bottom sediments and food) and the quality of the water (temperature, light, pH, conductivity, dissolved oxygen, nutrients, and dissolved and suspended solids) can affect the distribution of aquatic organisms. Other factors that affect the distribution of organisms include dispersal (proximity of colonization areas or downstream barriers such as dams), predation and competition from native and introduced species, food sources from upstream and terrestrial inputs, and hydrologic conditions such as floods and droughts.
The resident stream biota reflect both the current and recent conditions of the habitat, water-quality, and hydrologic factors. In general, algae integrate the previous days to weeks of conditions, and invertebrates can reflect conditions during their lifespans of several months to a year; and fish can reflect previous conditions for as much as several years. The biological groups also differ in the specificity of the environment they reflect: The less-mobile algae and invertebrates reflect recent conditions within a specific pool, run, or riffle, and the more-mobile fish can integrate conditions over much greater distances.
Vertebrate Communities
Thirty-two studies of vertebrates (primarily fish) in streams in the SCTX study unit published mostly during the 1980s and 1990s are summarized in table 1 (at end of report). The locations of many of the studies (those with specifically identifiable sampling sites) are shown in figures 2 and 3. The majority of the reports list taxa and numbers of fish for the study sites. When coupled with the report by Young and others (1973) , an extensive amount of fish data are available for the study unit. About 140 fish species from the SCTX study unit are listed by the Texas System of Natural Laboratories, Inc. (1994) (table 2, at end of report). Hubbs (1957) suggested that the distribution of fish closely follows climatological and geologic factors because these factors affect the chemical and physical properties of aquatic systems. The SCTX study unit is a highly diverse assemblage of environments controlled by the wide variety of climatic, topographic, soil, and biotic factors in the region (Blair, 1950; Gould, 1975) . In the analysis of fish collections from eastern and central Texas in 1953 , Anderson and others (1995 showed the relative region-wide stability in species diversity during 33 years. Despite this encouraging trend, the report indicated that, for localized areas, several species had become extinct or endangered.
Invertebrate Communities
Fifty-four studies of aquatic invertebrates published during 1971-97 are summarized in table 1. The locations of most of the studies (those with specifically identifiable sampling sites) are shown in figures 4 and 5. Surveys, species composition reports, and theses make up the majority of studies concerning invertebrates in the study area. Most of the reports list taxa and numbers of invertebrates collected at the study sites. Although aquatic vertebrates in Texas have been well documented (Hubbs and others, 1991) 
River reach sampling area are lacking (Bowles and Arsuffi, 1993) . One of the more complete recent studies catalogued invertebrates from the least-impacted streams of the Texas ecoregions (Bayer and others, 1992) . About 180 aquatic invertebrate species were collected from the SCTX study unit (table 3, at end of report).
Plant Communities
Thirteen studies of plant communities published during 1940-97 are summarized in table 1. The majority of the reports are listings of taxa or distributions within the study unit. There also are secondary references to plant communities and their role as habitat for, or impact on, endangered species (Bowles and Arsuffi, 1993; Power, 1996) . Macrophytes are the focus of all the plant studies listed in 
Species of Concern
Threats to the continued existence of aquatic endemics (native species unique to the area) typically are anthropogenic and include "agricultural practices, impoundments and flood-control projects, siltation from erosion, ground-water pumping, introduction of non-native species, recreational activities, wastewater discharge, and general pollution" (Bowles and Arsuffi, 1993, p. 320) . Allan and Flecker (1993, p. 35) listed six factors as critical in flowing water systems: "habitat loss and degradation, the spread of nonnative species, overexploitation, secondary extinctions (loss of a species resulting from loss of one or more other species), chemical and organic pollution, and climate change." With respect to non-native species, they suggest that more tolerant invaders might gain a foothold because of favorable conditions, reduction of the native fauna population, or alteration and degradation of habitat.
Introduced Species
Non-native species, that is, those species introduced into an area outside their natural range (or in the case of "exotic" species, from outside the continent) present a threat to Federally listed (endangered or threatened) species and their habitat (U.S. Fish and Wildlife Service, 1995) . Competition, predation, hybridization, and habitat modification by non-natives have been identified as major factors threatening endemic organisms (Bowles and Arsuffi, 1993; Ono and others, 1983 ; U.S. Fish and Wildlife Service, 1995) . The SCTX study unit has more than 30 known nonnative aquatic species (table 5, at end of report), many of tropical origin. Their ability to survive cold winters often relates directly to the minimum annual water temperature. For example, exotic giant ramshorn snails (Marisa cornuarietis) have been shown to withdraw into their shells and collect on the bottom substrates at 19 degrees Celsius (°C). These organisms die within 5 hours upon exposure to a temperature of 8 °C (Robins, 1971) , thereby effectively limiting their range. Most spring-fed streams in the study unit have temperature ranges within 1 °C and thus provide suitable habitat for these snails and many other tropical species that would otherwise die from minimum winter temperatures (Hubbs, 1995) . The introduction and subsequent survival of the blue tilapia (Tilapia aurea) into heated power-plant effluent reservoirs and into the spring-fed upper reaches of the San Marcos, Comal, and San Antonio Rivers (Hubbs and others, 1991) is an excellent example of this phenomenon.
Endangered and Threatened Species
Hubbs and others (1991) estimated that 20 percent of the 169 native Texas freshwater species are in potential danger of extirpation (range reduction) or extinction. Of the 19 aquatic species listed in Texas by the USFWS as endangered or threatened, 8 are associated with the SCTX study unit. Table 6 (at end of report) lists the species considered to be of concern (proposed for listing, endangered, or threatened) in Texas by the USFWS, TPWD, or by the Texas Organization for Endangered Species (TOES). Endangered and threatened species are at the center of a complex battle over water rights within the study unit. The San Marcos and Comal Springs and Associated Aquatic Ecosystems Recovery Plan (revised) was developed to ensure the survival of listed species in their native systems through an ecosystem approach to the recovery of multiple species (U.S. Fish and Wildlife Service, 1995) . The San Marcos gambusia (Gambusia georgei) is presumed extinct (Miller and others, 1989) , and its case is indicative of the problems of many of the endemics throughout the study unit. Its habitat was restricted to the upper San Marcos River (spring run) where, even historically, the organism was rare and difficult to find. Ono and others (1983) list habitat alteration, pollution, and competition with the introduced Gambusia affinis as the probable causes for the extinction of G. georgei. This species has not been collected in the wild since 1982 (Hubbs and others, 1991) .
All of the Federally listed endangered species in the study unit are associated with springs and spring runs, thereby emphasizing the importance of conservation of these habitats. Hubbs (1995) noted that spring fish seldom are found at any substantial distance from the springs and that the area occupied by the endemics is related directly to the volume of water flowing from the springs. Hubbs also reported that droughts reduce available habitats. Strayer (1994) noted that the Edwards aquifer in the SCTX study unit is one of a few regions in the world where a large diversity of subterranean species are found. Longley (1981) reported that the Edwards aquifer might be the most diverse subterranean biological community on earth. The list of species associated with the aquifer is large and is expected to grow as more faunal studies are completed. Both vertebrate (salamanders and two species of blind catfish) and invertebrate troglobitic (restricted to ground-water habitats) species have been found within this aquifer. Ninety-one species or subspecies, including 44 troglobitic species, have been identified as endemic to the aquatic ecosystems (including springs) associated with the Edwards aquifer (Barr and Spangler, 1992; Bowles and Arsuffi, 1993; Longley, 1986) . Table 7 (at end of report) lists the known endemic troglobitic species of the Edwards aquifer. Longley (1986) reported that the biological invasion of the Edwards aquifer probably began during the deposition of the Edwards Limestone more than 100 million years ago. Alternate periods of submergence and exposure of the region by the shallow Cretaceous sea allowed early formation of caverns. At least 10 crustaceans found in the Edwards aquifer are related to typically marine species and likely evolved from the marine environment that last covered the area during the late Cretaceous or early Tertiary (65 to 70 million years ago) (Holsinger and Longley, 1980) . About 12 to 17 million years ago, during the Miocene, a period of extensive faulting in south-central Texas began that resulted in the subsequent formation of the Balcones fault zone, changing the movement patterns of ground water within the Edwards (Longley, 1986) . This faulting created new springs and points of surface-water entry (recharge) into the ground water (Barker and Ardis, 1996), providing many new entry locations for the freshwater species of south-central Texas. During this time, further dissolution of the limestone increased cavernous porosity in the limestone; this increased formation of caverns in the limestone, and the linkage between caverns created new habitat and distribution patterns for the area ground-water species. Langecker and Longley (1993) believe extensive cave development during the Miocene could have allowed colonization of the ancestors of the two species of blind catfish presently in the Edwards aquifer. Langecker and Longley (1993) conclude that the morphological adaptations of these fish, including degree of eye reduction, are evidence that these fish are among the oldest known cave fish.
AQUIFER BIOLOGY
Invasions of an aquifer by freshwater organisms are most likely during periods of environmental stress (Holsinger, 1988) . Longley (1986) indicated that the onset of the ice age 3 million years ago had a major influence on the biology of the Edwards aquifer. During extremely cold periods, the ground water maintains constant temperature and offers a refuge for aquatic organisms. Severe droughts in the region also could have contributed to the invasion of the Edwards; in particular, the ground-water salamanders of Central Texas could have migrated into cave streams when their surface habitats dried up (Sweet, 1982) .
Because of the lack of light within the aquifer, food derived from photosynthesis is not available to the ground-water communities. In the area near San Marcos Springs, where the aquifer habitat is near the recharge zone, organic debris washed in from the surface is the source of energy to the primary consumers, chiefly amphipods, shrimp, and snails (Browning, 1977; Longley, 1981) . Here the blind salamanders are at the top of the food chain; captive specimens have been observed feeding on a variety of aquifer invertebrates (Longley, 1981) . Another likely predator is a blind species of the predaceous diving beetle family.
In deeper parts of the aquifer (1,300 to 2,000 ft) near San Antonio, the organic matter brought in from distant recharge areas would not be sufficient to support the aquifer biota. Instead, it has been theorized that fossil organic matter supports fungi and bacteria, which in turn support the invertebrates and blind catfish in this region of the Edwards aquifer (Longley, 1981) . The food source might also be similar to that discovered at Movile Cave in Romania, which is isolated from terrestrial inputs. The energy source for the diverse community of organisms in Movile Cave appears to be hydrogen sulfide-fixing bacteria (Sarbu and others, 1996) . The top of the food chain in the deeper parts of the Edwards aquifer appears to be occupied by the widemouth blindcat, Satan eurystomus, whose stomach contents include crustacean skeletons (Langecker and Longley, 1993) . The mouthparts and stomach contents of the other catfish in the aquifer, the toothless blindcat (Trogloglanis pattersoni), indicate that it forages on organic matter coating the cave walls.
SUMMARY
The USGS NAWQA Program is an interdisciplinary program designed to assess water quality across the Nation using chemical, physical, and biological measures. The program is based on investigations of more than 50 study units encompassing one or more major river basins and aquifers. Intensive field investigations and retrospective reports of existing environmental data in the study units increase the understanding of the status of and trends in the resource quality of these aquatic systems. This retrospective report summarizes available information on aquatic biology of the streams and rivers in the Guadalupe, San Antonio, and Nueces River Basins, and the San Antonio-Nueces and Nueces-Rio Grande Coastal Basins, and of the Edwards aquifer where it underlies the three river basins. The biology of the study-unit streams is determined mostly by the characteristics of the ecoregions they transect. The SCTX study unit is unique in that it contains a diversity of both surface-water and aquifer habitats. The streams, particularly in the Edwards Plateau, support three dominant biological groups-fish, aquatic invertebrates, and plants. Potential threats to the endemic (native) species exist, such as impoundments and flood-control projects, siltation from erosion, ground-water pumping, recreational activities, wastewater discharge, and introduction of non-native species. More than 30 non-native fish, invertebrate, and plant species have been introduced into the region, including the giant ramshorn snail and blue tilapia of tropical origin that are able to survive the relatively mild and constant temperatures of springs in the study area. About 20 percent of native Texas freshwater species are in potential danger of extirpation (range reduction) or extinction. Of the 19 aquatic species Federally listed as endangered or threatened in Texas, 8 are associated with springs and spring runs in the SCTX study unit. All of the endangered species in the study unit are associated with springs and spring runs.
A large number of endemic species in the study unit are associated with subterranean aquatic ecosystems, most likely a consequence of the unique proximity of the varied topographic and hydrologic conditions of the area and of the geological development of the Edwards aquifer. Ninety-one endemics, including 44 species found solely underground, are associated with the aquatic ecosystems (including springs) of the Edwards aquifer. Abbott, P.L., 1975 
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